A s part of the Physician Payments Sunshine Act (PPSA), the Centers for Medicare and Medicaid Services (CMS) implemented The Open Payments Program (OPP) to create transparency regarding the financial relationships between physicians and the biomedical industry. 1 Manufacturers of drugs, medical devices, and supplies are now mandated to submit their payment records and other "transfers of value" made to physicians and teaching hospitals to CMS. The database does not report industry payments to resident physicians and trainees. On September 30, 2014, 5 months of payment data were made publically available. 2 The stated rationale is to allow patients to identify potential conflicts-of-interest (COI) and to enable them to make more informed decisions when choosing a health care provider (HCP). 3 Financial interactions between the pharmaceutical and the biomedical industry and physicians are pervasive. 4, 5 In 2004, market research companies estimated that US pharmaceutical companies spent US $57.5 billion, or 24.4% of their revenue, on marketing. 6 During this time frame, a national survey of 3167 US physicians reported that 83% of physicians received gifts and 28% received payments for consulting, lecturing, or enrolling patients in trials. 7 These findings 4-7 have received much speculation, but national statistics on financial transactions between industry and health care providers are sparse. The OPP represents the first nationwide report of financial relationships that have been confirmed by both parties.
Plastic surgery, as a field, thrives on innovation. It is well accepted that collaboration between industry and surgeons is essential for the evolution of new products that will improve patient care. 8, 9 Recently, several surgical specialties have published their results from the OPP database. [10] [11] [12] However, the scope and nature of these collaborations have never been explored within the field of plastic surgery. The purpose of this study was to use the newly released OPP database and comprehensively evaluate all non-research-related financial transactions between plastic surgeons and biomedical companies. We hypothesized that plastic surgeons, due to the technical and innovative aspects of the field, would have more extensive relationships with industry when compared with other health care providers, and that industry payment amounts would differ by subspecialty, practice settings, and scientific productivity. The specific aims of the study were the following: (1) to identify a cohort of plastic surgeons who received nonresearch payments by industry; (2) compare payments to plastic surgeons to other health care providers; (3) compare payments of plastic surgeons by subspecialty, geographic distribution, practice setting (private versus academic), and payment category; and (4) examine the association between payments received and a plastic surgeon's H-index, a measure of scientific productivity. 10 
METHODS

Study Population
All physicians whose reported professions in the OPP database were either: plastic surgery, plastic surgery-hand, plastic surgery of the head and neck (craniofacial), otolaryngologists specializing in facial plastic surgery (Oto) and plastic and reconstructive surgery. To study whether industry payments differed among academic versus nonacademic plastic surgeons, we identified all plastic surgery residency training programs approved by the American Council of Graduate Medical Education, via the "American Council of Academic Plastic Surgeons" website (http://www.acaplasticssurgeons.org/program-lists). We visited each program's website and collected data for each listed fulltime faculty member and labeled these plastic surgeons as "academic." Part time or affiliated faculty members were characterized as private practice plastic surgeons as were any plastic surgeons with no residency program affiliation.
Data Sources and Linkages
Payments made to plastic surgeons between August 1, 2013, and December 31, 2013, were obtained from the OPP data set, available on the CMS website (http://www.cms.gov/openpayments; accessed September 30, 2014). Company and/or stock ownership data were not included in this study. Physician-level payments were aggregated using a unique physician identification number.
Payments Made to All Health Care Providers and Plastic Surgeons
The OPP data set was used to ascertain the total amount of payments made by industry to all Health Care Providers (HCP). HCP consisted of physicians, dentists, podiatrist, and nurse practitioners. This was then compared with the total amount of payments made to plastic surgeons.
Distribution of Payments Made to Plastic Surgeons
The total amount of money that each plastic surgeon received was categorized as follows: less than US $100, US $100-$999, US $1,000-$9,999, US $10,000-$99,999, and greater than US $100,000 and presented as bar graphs. All companies and their sum of payments made to plastic surgeons were identified (Appendix 1). Payments of the 10 highest-paying companies and their distribution by categories were shown. Heat maps were used to show the geographic distribution of industry payments collectively by state, as well as the average payments per plastic surgeon in each state.
Distribution of Payments Made to Plastic Surgery by Subspecialty
In the OPP data, a physician's specialty is reported by the paying company and a physician is given the opportunity to verify the description of their specialty. As a result, if a physician was trained in a subspecialty or has multiple specializations, he or she could have been reported as either specialty. For example, if a physician was trained as plastic surgeon and also completed a hand fellowship and a craniofacial fellowship, he or she could be reported as either: a plastic surgeon, a hand plastic surgeon, or a craniofacial plastic surgeon. For this study, the largest payment that an individual was reported to receive in a particular specialty determined their specialty.
Payment Categories
The OPP payments were reported under the following categories: consulting fees; food and beverage; honoraria; education; travel and lodging; entertainment; gifts; services other than consulting, including speaking at a venue other than a continuing education program (abbreviated as "speaker non-CEP"); and speaking for a nonaccredited and noncertified, continuing education program (abbreviated as "speaker CEP"). The number of plastic surgeons that received payments for each payment category was quantified. Payment categories were also evaluated by nonacademic versus academic plastic surgeons.
Association Between H-index and Industry Payments
To explore whether plastic surgeons' academic productivity was associated with the amount of payments received, we ascertained each plastics surgeon's h-index by an automated Scopus search on December 15, 2014, which included publications since 1995. Introduced by Hirsh in 2005, the h-index is calculated by determining the number of papers, h, from a researcher with citation counts of h or greater for each paper. 13 In order for a plastics surgeon's h-index to be included in this study, the first name, last name, city and state as published in Scopus needed to be FIGURE 1. A, Payments Received per Plastic Surgeon by Amount Category. Among plastic surgeons, who received industry payments in the OPP, 45.8% received payments below $100, 40.6% received payments between $100 and $999, 11% received payments between $1,000 and $9,999, and 2.5% received payments between $10,000-$99,999, and 0.05% in excess of $100,000. B, Payments Received by Academic versus Non-Academic Plastic Surgeons. Non-academic plastic surgeons were paid more than academic plastic surgeons. The median (IQR) of payments to non-academic plastic surgeons was $165 ($81-$ 441) compared to $112 ($33-$291) for academic plastic surgeons (P < 0.001). Among non-academic (N = 3,959) plastic surgeons who received industry payments, 47% (N = 1,846) received < $100, 40% (N = 1,584) received payments between $100 and $999, 11% (N = 439) received between $1,000 and $9,999, 2% (N = 89) received between $10,000 and $99,999, and <0.1% (N = 1) received more than $100,000. Among academic plastic surgeons (N = 236) who received industry payments, 32% (N = 77) received < $100, 51% (N = 121) received payments between $100 and $999, 9% (N = 21) received between $1,000 and $9,999, 7% (N = 16) received between $10,000 and $99,999, and 0.4% received more than $100,000.
identical to that published in the OPP. There were a total of 1286 hindices of plastic surgeons which met these criteria. We calculated the total amount received by each physician and modeled the relative risk of a physician's receiving $1000 or more in total payments using Poisson regression with a robust variance estimator. 14 
Statistical Analysis
Analyses were performed with Stata 14.0/MP for Linux (College Station, Tex). We used the Wilcoxon rank-sum test to study payment differences among the various plastic surgery subspecialties as well among private practice and academic plastic surgeons. 95% Confidence intervals are reported as per the methods of Louis and Zeger. 15 
RESULTS
Payments Made to All Health Care Providers
Payments to Plastic Surgeons
Our query of the OPP database identified a total of 4195 plastic surgeons that received a total of $5,278,613. Plastic surgeons represent 1.17% of the all HCPs listed in the OPP and received 1% of the total payment amount in the OPP. Median (IQR) payment per plastic surgeon was $115 ($35-$298) with a mean of $1,258; the 4 highest payments were $341,384, $103,237, $96,541, and $81,659. Of plastic surgeons who received industry payments, 45.8% received less than US $100, 40.6% received payments between US $100 and US $999, 11% received between US $1000 and US $9,999, 2.5% received between US $10,000 and US $99,999, and 0.05% in excess of US $100,000 (Fig. 1A) .
Payments Between Academic Versus Nonacademic Plastic Surgeons
In the OPP database, there were 3959 nonacademic and 236 academic plastics surgeons. The median (IQR) of payments to nonacademic plastic surgeons was US $165(US $81-$441) compared with US $112(US $33-$291) for academic plastic surgeons (P < 0.001). Among nonacademic (N = 3959) plastic surgeons who received industry payments, 47% (N = 1,846) received less than US $100, 40% (N = 1584) received payments between US $100 and US $999, 11% (N = 439) received between US $1000 and US $9999, 2% (N = 89) received between US $10,000 and US $99,999, and less than 0.1% (N = 1) received more than US $100,000. Among academic plastic surgeons (N = 236) who received industry payments, 32% (N = 77) . Among all specialties Otolaryngologist specializing in facial plastic surgery received lower payments than any on the other specialties (P < 0.01). There was no statistically significant difference among the general plastic surgery and other plastic surgery subspecialties. received less than US $100, 51% (N = 121) received payments between US $100 and $999, 9% (N = 21) received between US $1000 and US $9999, 7% (N = 16) received between US $10,000 and US $99,999, and 0.4% received more than US $100,000 (Fig. 1B) . 
Payments to Plastic Surgery by Subspecialty
Payment Categories
The $5,278,613 total payments made to plastic surgeons were categorized by the OPP as follows: $1,709,930 (32%) for speaker non-CEP; $ 1,403,770 (27%) for consulting fees; $ 767,003(15%) for travel and lodging; $702,340 (13%) for food and beverage; $305,030 (5.6%) for gifts; $215,651 (4%) for royalty; $96,806 (1.8%) for honoraria; $50,211 (0.9%) for education; 23,950 (0.4%) for speaker CEP; $2,131 (0.04%) for grants; and $1,792 (0.03%) for entertainment ( Table 2) . Table 2 ).
When comparing the percentage of non-academic versus academic plastic surgeons by payment categories, there were a greater percentage of academic surgeons that received payments for consulting Table 3 .
Distributions of Payments Made by Companies
The total payment made by a single company to plastic surgeons ranged from $10.32 to $1,792,491. Of 216 companies that made payments to plastic surgeons (Appendix 1), the 10 highest paying companies accounted for $4,505,331 (85.4%) of the total payments. The three highest paying companies were: Allergan Inc., Mentor Worldwide, and LifeCell Corporation; they collectively contributed $3,507,157 (66.4%) of all payments. The distribution of payments by category from these 10 companies is shown in Figure 3 .
Geographic Distribution
In terms of total payments to plastic surgeons in a given state, the 
Payments by H-index
We were able to ascertain h-indices for 1286 plastic surgeons who published articles that would qualify for h-index calculation. The median (IQR) h-index was 4.
2-8 Of these, 1,053 plastic surgeons had a h-index of less than 10; 171 had a h-index between 11 and 20; 43 had a h-index between 21 to 30; and 19 had a h-index above 30. An increase of ten units of h-index was associated with a 29% higher chance of at least $1000 in total payments (RR = 1.13 1.29 1.48 , P < 0.001). In other words, if plastic surgeons with a h-index of 16 had a 29% higher chance of receiving at least $1,000 compared to a plastic surgeon with an h-index of 6. Among academic plastic surgeons, an increase in ten units of h-index was associated with a 77% higher chance of an academic plastic surgeon receiving at least $1000 in total payments (RR = 1.47 1.77 2.11 , P < 0.001). Among non-academic plastic surgeons this association was not statistically significant (RR = 0.89 1.09 1.32 , P = 0.4, Fig. 5 ).
DISCUSSION
The recent implementation of the Physician Payment Sunshine Act allows, for the first time, the characterization of current physicianindustry relationships at a national level. The results from this study demonstrate that a total of $5,278,613 was paid to 4,195 plastic surgeons over a five month period. The median payment to plastic surgeons was $115 which in comparison, is within the range of other medical specialties in the OPP: $102 to dermatologists; $88 to neurosurgeons; and $173 to urologists. 11 Amongst payment categories, the largest amount was paid for serving as a member of a non-CEP speaker bureau (32%) followed by consulting fees (27%). Additionally, industry payments to surgeons in private practice were higher than payments to academic plastic surgeons (median $165 versus median $112, P < 0.001). Among academic plastic surgeons, an increase of 10 units of h-index was associated with a 77% higher chance of receiving at least $1000 in total payments (RR = 1.47 1.77 2.11 , P < 0.001). This association was not seen among plastic surgeons in private practice (RR = 0.89 1.09 1.32 , P = 0.4).
Under the Affordable Care Act (section 6002), the PPSA now mandates public reporting of payments to physicians by biomedical companies. Intended to bring greater transparency to the industryphysician landscape, the PPSA constitutes the first nationwide effort to shed light on the financial interactions between physicians and industry. [1] [2] [3] The PPSA now requires all biomedical companies to report all "transfers of value" to physicians or teachings hospitals, including but not limited to, speaking and consulting fees, non-research grants, gifts, royalties, and investment interests. Given the recognized importance of biomedical industry's support for research and innovation, CMS has designated a different track for disclosures of research funding and these transactions were not analyzed in this study. 16 A large body of literature has previously explored the effects of financial COIs on clinical care, research outcomes, and patient behavior. [17] [18] [19] [20] [21] [22] [23] These studies suggest that although industry's support for research, clinical care, and innovation is essential, its financial support brings the potential for undue influence. [24] [25] [26] A recent study from our institution reported that financial COIs in breast reconstruction were associated with under-reporting of surgical complications when an industry-marketed product, Acellular Dermal Matrix (ADM), was utilized by the surgeon-researchers. 27 DeGeorge et al made similar observations in abdominal wall reconstruction. 28 In light of such findings, the OPP data is a means to provide healthcare consumers information on the types of financial relationships that may exist between biomedical companies and their physicians, in hopes of deterring potentially detrimental relationships between industry and physicians.
In our study, we demonstrate that scientific productivity, in increments of 10 units of h-index, was strongly associated with higher industry payments for academic plastic surgeons. A 10 unit increase, on average, was shown to be the difference between full professors and assistant professors in plastic surgery residency training programs. [29] [30] [31] [32] The driver behind the strong association between having a higher h-index and receiving greater payments from industry is unknown. However, it may suggest that biomedical companies preferentially recruit and pay scientifically productive academic surgeons for their expertise, reputation and knowledge. Future studies should examine this association more closely and account for other factors that may be driving this potentially important association.
The lack of an association between h-index and payment amount among private-practice plastic surgeons suggests that in private practice, industry may value other factors than academic productivity when establishing financial relationships. These factors may include seniority, years in practice, surgical volume, or good entrepreneurship skills. Future studies will be needed to explore these associations further. Furthermore, our analysis shows that private-practice plastic surgeons were on average paid greater amounts by industry compared to academicpractice plastic surgeons. Although our study did not explore the drivers behind this specific finding, future studies are needed to determine what variables are associated with higher payments in private-practice plastic surgeons. Lastly, our analysis demonstrated that consulting and non-CEP speaker fees, commonly known as "Speaker Bureaus membership fees" made up the largest category of expenditures. Although it is still unclear whether all types of COI have similar effects on clinical care or research outcomes, recent studies in the literature suggest that patients view consultancy fees more favorably than other financial relationships with industry since they consider consultant-physicians as experts and "key opinion leaders" (KOLs) in their field. 33, 34 Our study has several limitations which merit consideration. Many have raised concerns with the implementation and documentation of the OPP database since the OPP data was subjected to limited pre-release vetting. 1 However, this limitation will be partially addressed as the PPSA evolves over time and it improves on previous deficiencies. Additionally, academic productivity was measured by utilizing the h-index. Although the efficacy of the h-index in assessing academic productivity has been validated in several medical specialties, including plastic surgery, 29, 30, 32 it has several limitations which are beyond the discussion of this paper. Moreover, the availability of OPP data is limited to a 5-month reporting period, which may not give a true picture of the entire physician-industry financial landscape. However, this limitation will be further addressed as future iterations of the database release annual data, and similar studies to ours continue to report on preliminary OPP database findings. 11, 12, 35 A free market is most efficient when consumers make informed decisions. The primary goal of the PPSA is to "permit patients to make better informed decision when choosing healthcare professionals and making treatment decisions". 34 Although the true value of the OPP database remains unclear, CMS projects that the OPP will undoubtedly drive physicians and industry to better self-regulation. As our federal government embraces disclosures, it is yet to be determined how full transparency will change the physician-industry complex.
FIGURE 5. The Association of Payments made to Plastic
Surgeons and their h-index: An increase of ten units of h-index was associated with 77% higher chance of an academic plastic surgeon receiving at least $1000 in total payments (RR = 1.47 1.77 2.11 , P < 0.001). For non-academic plastic surgeons this association was not statistically significant (RR = 0.89 1.09 1.32 , P < 0.39). 
